1. Background {#sec200353}
=============

The experience of acute pain in daily life is like an alarm system. It can inform one of the presence of life-threatening situations and cause alterations in individual behaviors in order to prevent future injuries. However, pain after surgery is a maladaptive response. This pain does not afford any significant benefit to the patient, but can actually do harm to various systems within the body ([@A33526R1]). Postoperative pain can lengthen the duration of hospital stays, increase the risk of infection, and postpone the return of the patient to normal daily life. Acute postoperative pain is an important predictive factor for chronic post-surgical pain, which is observed in 10% - 65% of patients after surgery ([@A33526R2], [@A33526R3]). Therefore, even though pain is generally a positive body response, controlling pain after surgery is very important. Reducing postoperative pain will result in more patient satisfaction, decreased hospitalization periods, and less complications due to immobility ([@A33526R4]).

In current medical practice, opioid analgesics are generally used for controlling postoperative pain. Opioid analgesics can cause many complications, including nausea, vomiting, and pruritus. Furthermore, this category of drugs has actually shown inadequate efficacy in pain management after surgery ([@A33526R5], [@A33526R6]). This inefficacy necessitates the consideration of other methods to control pain after surgery, such as preemptive analgesia.

Preemptive analgesia is the use of analgesics prior to the painful stimulus. Therefore, it decreases the changes in the central sensory processes that are responsible for hyperalgesia and allodynia ([@A33526R7]). Different medications and methods have been used for preemptive analgesia, and the molecular pain mechanism is the underlying basis for choosing the agents of preemptive analgesia.

Surgery causes tissue injuries which result in histamine and inflammatory mediators being released at the site of the incision. Afterwards, local chemical mediators such as prostaglandin and bradykinin are released, and the neural receptors are stimulated. The pain signal then enters the spinal cord via the dorsal horn. N-Methyl-D-aspartate (NMDA) receptors in the spinal cord are exclusively dedicated to the management of painful stimuli. The persistent release of inflammatory mediators sensitizes the functional nociceptors. This sensitization decreases the activation threshold and increases the rate of basal spontaneous discharge ([@A33526R8], [@A33526R9]). Multi-modal analgesia works by influencing all of the responsible components in the pain pathway ([@A33526R10]).

Naproxen is a well-known drug of the nonsteroidal anti-inflammatory drug (NSAID) group and inhibits cyclooxygenase (COX) 1 and 2. Acetaminophen is widely used for managing pain and fever. It inhibits many of the enzymes in the inflammatory pathways, including COX1, COX2, and myeloperoxidases ([@A33526R11], [@A33526R12]). The exact mechanism of acetaminophen is not understood. In some studies, a different variant of the COX enzyme is suggested to be the primary site of action ([@A33526R13]). Gabapentinoid medications were primarily used as anti-epileptic drugs. Pregabalin decreases the concentration of the neurotransmitters related to pain, such as substance P. This can explain the analgesic effect of pregabalin ([@A33526R14]).

Dextromethorphan is a NMDA receptor antagonist. This drug acts similarly to ketamine but has less affinity to the NMDA receptors. It has been safely used for preemptive analgesia ([@A33526R15]), and can also play a role in reducing neuropathic pain and improving the analgesic effect of morphine on acute pain after surgery ([@A33526R16]).

All of these agents have previously been used either separately or in different combinations in various surgeries. In neck dissection surgery, massive tissue incisions can cause severe pain postoperatively, which necessitates the use of some form of analgesia.

2. Objectives {#sec200354}
=============

In this study, we investigated the efficacy of preemptive analgesia comprised of pregabalin, acetaminophen, naproxen, and dextromethorphan (PAND) in radical neck dissection surgery for reducing the intensity of pain and morphine consumption.

3. Patients and Methods {#sec200355}
=======================

This study was a randomized double-blind clinical trial on patients under the American society of anesthesiologists (ASA) physical status I and II who underwent radical neck dissection in a cancer institute. The study design was approved by the ethics committee of the hospital. Informed consent was obtained from all patients at the beginning of the study.

The exclusion criteria included opioid addiction, history of using antidepressants and anti-epileptic medications, chronic head and neck pain, and sensitivity to any of preemptive analgesic agents.

The sample size was calculated with α = 0.05 and β = 0.2 using the following formula:
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Eighty patients were enrolled in the study. Each patient was given a code according to a computer-generated list, and then the codes were randomized into two groups based on a simple randomization method. The first group received 2.5 mg/kg pregabalin, 15 mg/kg acetaminophen, 7 mg/kg naproxen, and 0.3 mg/kg dextromethorphan, administered orally one hour prior to surgery (PAND group). In the operating room, blood pressure, pulse rate, ECG, oxygen saturation, and end tidal CO~2~ were monitored. Patients were premedicated with 2.5 mg midazolam and 2 μg/kg fentanyl. The induction of anesthesia consisted of 3-5 mg/kg thiopental Na and 5 mg/kg atracurium besylate. Anesthesia was maintained with 0.8% - 1.2% isoflurane in 50% N2O-O2 mixture. A dose of 1 μg/kg fentanyl was administered before skin incision. Atracurium and fentanyl were injected if needed during the operation. After skin closure, neostigmine (35 μg/kg) was used to antagonize the residual neuromuscular blockade. The duration of each operation was noted, and patients were moved to the recovery hall. After full consciousness was regained by the patient, pain intensity was measured with the universal pain assessment tool (UPAT) (time = 0). This measurement was repeated at 2, 4, 6, 12, and 24 hours thereafter. For pain control, all patients received morphine based on postoperative pain control protocol. The total doses of morphine needed for pain control were noted. Patients and staff responsible for delivering medications were blinded to the study details.

SPSS version 16 was used for analyzing the data. Descriptive statistics including means and standard deviations were calculated for all numerical data. An unpaired t-test was used for comparing the pain scores at different times and the morphine doses between the two groups. A P value of less than 0.05 was considered statistically significant.

4. Results {#sec200356}
==========

The mean ages of the patients in the PAND and control groups was 49.58 ± 13.96 and 49.81 ± 14.59 years, respectively. There were 18 females and 22 males in the control group, and 21 females and 19 males in the preemptive analgesia group. The mean time of surgery duration was 315.83 ± 68.09 and 335 ± 96.72 minutes in the PAND and control groups, respectively. Differences in age, sex, BMI, and surgery duration were not statistically significant between the two groups ([Table 1](#tbl50681){ref-type="table"}).

###### Age, Sex, and BMI in the PAND and Control Groups

  Variable                      PAND Group       Control Group   P Value
  ----------------------------- ---------------- --------------- ---------
  **Age (years)**               49.58 ± 13.96    49.86 ± 14.59   0.93
  **Sex (m/f)**                 22/18            19/21           0.81
  **BMI (kg/m** ^**2**^ **)**   22.41 ± 1.53     21.75 ± 1.62    0.08
  **Surgery duration (min)**    315.83 ± 68.09   335 ± 96.72     0.32

The mean pain scores for all times were 3.26 ± 1.98 and 4.75 ± 1.70 for the PAND and the control groups, respectively. This difference was statistically significant (P value = 0.001). The pain intensity for the preemptive analgesia group at 0, 2, 4, 6, 12, and 24 hours after surgery was lower as compared to the corresponding rates for the control group. This difference in pain scores was significant for all times except time = 0 ([Table 2](#tbl50682){ref-type="table"}). The pain score was reduced from 4.72 to 2.06 in the case group. This value decreased from 5.72 to 3.83 in the control group ([Figure 1](#fig36922){ref-type="fig"}).

###### Pain Scores Assessed by the Universal Pain Assessment Tool in the PAND and Control Groups at 0, 2, 4, 6, 12, and 24 Hours After Radical Neck Dissection Surgery

  Time (Hour)   PAND Group    Control Group   P Value   Statistical Significance
  ------------- ------------- --------------- --------- --------------------------
  **0**         4.72 ± 2.25   5.72 ± 2.09     0.055     Not significant
  **2**         3.83 ± 2.59   5.22 ± 2.04     0.014     Significant
  **4**         3.27 ± 2.15   4.72 ± 1.80     0.003     Significant
  **6**         3.22 ± 2.31   4.56 ± 1.89     0.009     Significant
  **12**        2.44 ± 1.98   4.45 ± 1.91     0.000     Significant
  **24**        2.06 ± 1.69   3.83 ± 2.16     0.000     Significant

![Pain Scores Assessed by the Universal Pain Assessment Tool at 0, 2, 4, 6, 12, and 24 Hours After Radical Neck Dissection Surgery for the PAND and Control Groups](aapm-06-04-33526-i001){#fig36922}

Pain reduction in the time intervals between assessments was significantly different only in the period 6 - 12 hours after surgery ([Table 3](#tbl50683){ref-type="table"}). We also compared the pain intensity at 2, 4, 6, 12, 24, after 48 hours after surgery to the intensity at time = 0 for both groups. Pain reduction was more substantial for the case group at all time periods, but it was only significant for the period 0 - 12 hours after surgery and insignificant thereafter ([Table 4](#tbl50684){ref-type="table"}).

###### Pain Score Reduction for the Time Periods of 0-2, 2-4, 4-6, 6-12, and 12-24 Hours After Radical Neck Dissection Surgery for the PAND and Control Groups

  Time Period (Hours)   PAND Group    Control Group   P Value   Statistical Significance
  --------------------- ------------- --------------- --------- --------------------------
  **0 - 2**             0.89 ± 1.47   0.50 ± 1.61     0.29      Not significant
  **2 - 4**             0.56 ± 1.23   0.50 ± 1.38     0.86      Not significant
  **4 - 6**             0.06 ± 1.12   0.17 ± 1.30     0.70      Not significant
  **6 - 12**            0.78 ± 1.20   0.11 ± 1.35     0.03      Significant
  **12 - 24**           0.39 ± 0.93   0.61 ± 1.41     0.44      Not Significant

###### Pain Score Reduction for the Time Periods of 0-2, 0-4, 0-6, 0-12, and 0-24 Hours After Radical Neck Dissection Surgery for the PAND and Control Groups

  Time Period (Hours)   PAND Group    Control Group   P Value   Statistical Significance
  --------------------- ------------- --------------- --------- --------------------------
  **0 - 2**             0.89 ± 1.47   0.50 ± 1.61     0.28      Not significant
  **0 - 4**             1.44 ± 1.48   1.00 ± 1.76     0.25      Not significant
  **0 - 6**             1.50 ± 1.54   1.16 ± 1.61     0.37      Not significant
  **0 - 12**            2.28 ± 1.52   1.28 ± 1.80     0.01      Significant
  **0 - 24**            2.66 ± 1.51   1.88 ± 2.08     0.07      Not Significant

The mean dose of administered morphine was 7.40 and 13.48 mg for the PAND and control groups, respectively. The difference in the doses of morphine between the two groups was statistically significant (P value = 0.00). No considerable complications relating to the analgesic agents were observed.

5. Discussion {#sec200358}
=============

In this study, postoperative pain was reduced significantly for the PAND group. The total dose of administered opioid analgesics was also 54% lower for the case group. This is consistent with similar studies on the effects of preemptive analgesia.

Different agents for preemptive analgesia have been used in previous studies. The preemptive use of dextromethorphan has been associated with reduced visual analogue scale (VAS) scores and decreased meperidine use in elective upper abdominal surgery ([@A33526R17], [@A33526R18]). Preemptive administration of dextromethorphan has also been shown to reduce postoperative pain in elective tonsillectomies ([@A33526R19]). The preemptive use of gabapentin has been associated with decreased pain in some studies ([@A33526R20]-[@A33526R22]). In two other studies, gabapentin was not associated with a significant pain difference between the case and control groups, but it did appear to decrease opioid consumption ([@A33526R23], [@A33526R24]). Another study reported that despite pain reduction in the gabapentin group, opioid consumption was not significantly different ([@A33526R25]). It seems that preemptive gabapentinoids can have a positive effect on reducing postoperative pain and opioid consumption ([@A33526R26]).

In a study on patients undergoing lower extremity surgery, acetaminophen administered half an hour before surgery or prior to skin closure was associated with enhanced analgesia and decreased postoperative analgesic consumption ([@A33526R27]). When comparing the use of acetaminophen with celecoxib for preemptive analgesia, celecoxib was superior to acetaminophen for reducing postoperative pain in patients undergoing lower extremity orthopedic surgery ([@A33526R28]).

Multi-modal analgesics have been shown to be superior to single-agent preemptive analgesia in some studies. Regarding spontaneous and movement-evoked pain and opioid sparing, gabapentin with NSAIDs was superior to either of these two agents administered alone ([@A33526R29]). In another systematic review of 21 studies, combining acetaminophen with NSAIDs was shown to be more effective than acetaminophen or NSAIDs alone in terms of alleviating postoperative pain ([@A33526R30]). This effect has also been tested for perioperative use in another review ([@A33526R31]). In another pathophysiologic study, pregabalin with naproxen or gabapentin with naproxen had additive or synergic effects on reversing hyperalgesia in cases of peripheral inflammation ([@A33526R32]).

The significant 0 - 12 hours pain relief can be attributed to the delayed effect of the drug combination used in this study. Therefore, by changing the time of administration or changing the drug combination, better pain management could possibly be achieved.

The UPAT is a comprehensive combination of various scoring systems for pain intensity and severity assessment. Different scoring systems for pain have been used in various studies, including numerical rating scales, visual analogue scales, or verbal analogue scales. In these scales, the maximum amount of pain which can be imagined by a patient is compared with the patient's current pain level. For children and patients who are less cooperative, scales such as facial grimace assessment or a quest scale are used ([@A33526R33]).

As there is no established protocol in terms of preemptive analgesic consumption, drug selection seems to be partially based on personal experience and choice. This may be considered as another limitation of this study.

5.1. Conclusion {#sec200357}
---------------

Using a combination of acetaminophen, dextromethorphan, naproxen, and pregabalin as preemptive analgesia can decrease the need for opioid analgesics and improve pain control for radical neck dissection surgery patients. Further studies are required to establish more definitive guidelines on recommended dosages and choices of agents for preemptive analgesia.
